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This  paper  examines  the  instantaneous,  Fourier  power  spectrum 
for  different  types  of  input  signals  such  as  CW,  pulse  modulated  CW  and  linear 
FM  signals  using  the  acousto-optic  spectrum  analyzer.  The  effect  on  the 
time-integrated  output  intensity  distribution  due  to  the  truncation  of  the 
propagating  acoustic  signal  by  the  finite  aperture  width  of  the  Bragg  cell 
is  also  analyzed.  Some  experimental  results  on  pulse-modulated  CW  and  linear 
FM  signals  are  presented,  and  then  compared  with  theory. 


RESUME 


Ce  rapport  examine  la  distribution  instantanee  Fourier  du  spectre 
de  puissance  pour  aifferents  types  de  signaux  d’entres  tel  que  CW,  CW  avec 
modulation  par  pulsations,  et  modulation  F.M.  lineaire,  utilisant  l'analyseur 
de  spectre  "Acousto-optic".  L'effet  sur  1' integration  a  la  sortie  de  la 
distribution  d'intensite  causee  principalement  par  la  coupure  du  signal 
acoustic  par  la  largeur  limitee  de  l'ouverture  de  la  cellule  Bragg  est  aussi 
analyse.  Quelques  resultats  experimentaux  sur  des  signaux  a  modulation  par 
pulsations  et  modulation  FM  lineaire  sont  presentes  et  compares  avec  la 
theorie. 
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INTRODUCTION 


Spectrum  analysis  using  acousto-optic  diffraction  is  well  known  for 
its  inherent  capability  of  wideband  spectrum  analysis  on  a  real-time  basis 
with  many  simultaneous  signals  present.  The  diffraction  of  a  plane  wave, 
monochromatic,  light  beam  by  a  single  acoustic  signal  is  well  understood  and 
analyzed  by  W.R.  Klein  and  B.D.  Cook  (1967)  and  R.  Adler  (1967).  A  coupled 
mode  formulation  is  developed  by  Hecht  (1977)  for  the  analysis  of  acousto¬ 
optic  diffraction  with  multiple  acoustic  waves  at  different  carrier  frequencies. 
A  review  covering  the  real-time  optical  Fourier  spectrum  analysis  on  topics 
such  as  weighting  functions,  frequency  resolution  and  side  lobe  level  is  also 
given  by  Hecht  (1977).  For  small  signal  analysis,  the  acoustic  signal  can 
be  modelled  as  a  travelling  wave  phase  grating  as  presented  by  M.  King  (1967) 
and  W.T.  Maloney  (1969).  The  emerging  light  phase  front  is  diffracted  in 
passing  through  the  modulator  which  produces  an  additional  quadrature  component 
of  the  optical  carrier  amplitude  modulated  by  the  acoustic  signal. 

In  this  paper  the  instantaneous,  light  intensity  distribution  in  the 
frequency  plane  is  computed  for  different  types  of  input  signals  using  the 
travelling  wave  phase-grating  model  in  the  Bragg  regime.  Time-integrated 
output  intensity  distributions  are  also  plotted  for  pulse-modulated  CW 
signals  with  different  pulse-widths  and  a  linear  FM.  They  are  then  compared 
with  experimental  values. 


2.0  THEORETICAL  FORMULATION 


The  schematic  diagram  of  the  acousto-optic  spectrum  analyzer  is 
shown  in  Figure  1,  with  a  collimated  light  wave  impinging  on  the  Bragg 
cell  at  the  Bragg  angle  0  .  Assuming  the  Fourier  transform  lens  is  ideal, 

the  diffracted  field  distribution  in  the  frequency  plane  in  one  dimension  is 
approximately  given  by: 


Ul^yl,t:^  =  AE°  6XP 
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where: 


(1) 


g(y0  cos  6b  -  vgt)  *  g (y o  -  v  t) ,  for  Sg  «  1 


is  the  normalized  travelling  acoustic  signal  wave 


P  =  height  of  Bragg  cell  aperture 

A  =  a  collection  of  constants  including  the  elasto  optic 
diffraction  efficiency 

vg  =  acoustic  wave  velocity 

A  =  c/v  is  the  optical  wavelength 


The  amplitude  weighting  window  function  [w(yo)j  which  includes 
the  truncated  Gaussian  beam  profile  and  the  acoustic  attenuation  is  given  by 


w(yo)  =  exp  [-a(f)  T  <^2-  +  £)  -  (2T  ^p)2] 


(2) 


Where  T  specifies  the  truncated  Gaussian  beam  profile,  a  is  the 
acoustic  loss  coefficient  in  nepers/sec  and  t  is  the  acoustic  transit  time 
across  the  aperture. 

Equation  (1)  can  be  rewritten  as  a  convolution  of  the  spatial 
Fourier  transform  of  the  input  signal  and  the  Fourier  transform  of  the 
amplitude  weighting  function  as  follows: 


U1  (yi,t:)  =  AE°  exp  t-j2™(t  “  • 
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(5) 


2.1  CW  and  Pulse-modulated  CW  Carriers 


Both  types  of  signals  are  characterized  by  a  constant  carrier  and 
are  expressed  by 


g(yo  -  v  t)  =  Re  <  A(y0  -  v  t)  exp  [j2iT  f/v  (y0  -  v  t)  ]  / 

S  (  S  S  S  / 


where  A(yo  -  v  t)  is  the  amplitude  function  of  the  signal 


2.2  Linear  FM 


A  linear  FM  can  be  expressed  by 


g(yo  “  v  t)  =  Re  J  [ A (y o  -  v  t)  ]  exp  )  j2iT[f/v  (y0  -  v  t) 
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where  fo  is  Clio  centre  frequency  and  k  is  the  race  of  change  oi  frequency 
in  (HZ/sec)  . 


3.0  EXPERIMENTAL  ARRANGEMENT 


The  schematic  arrangement  of  the  experimental  acousto-optic  spectrum 
analyzer  is  shown  in  Figure  1.  The  optical  source  is  the  Spectra  Physics 
Model  1248  helium  neon  laser  which  delivers  15  mw  of  coherent  optical  power 
at  0.6328  nm.  The  laser  beam  is  expanded  in  one  dimension  by  the  beam 
expander  to  a  width  of  20.5  mm  with  a  Gaussian  intensity  profile  truncated 
at  1/e2  points.  The  bulk  Bragg  cell  used  is  the  FJW  D-150  Acousto-optic 
deflector  with  the  Zenith  phased  array  transducer  giving  a  bandwidth  of  about 
100  MHZ  at  a  centre  frequency  of  150  MHZ.  The  aperture  dimensions  used  in 
the  experimental  measurements  are  2  mm  by  20.5  mm  with  a  corresponding 
transit  time  of  5  psec.  The  acoustic  loss  coefficient  is  measured  to  be 
0.5  nepers/5  psec  at  the  centre-frequency.  A  thin  circular  Achromat  lens 
of  diameter  50.8  mm  with  a  focal  length  of  0.4  m  is  used  to  Fourier  trans¬ 
form  the  weighted  signal  as  it  forms  the  far-field  intensity  distribution  in 
its  back  focal  plane.  The  lens  was  tested  and  found  to  produce  negligible 
phase  error  for  low  spatial  frequencies.  The  output  intensity  distribution 
is  detected  and  integrated  on  the  Fairchild  CCD  110/110F  linear  image  sensor 
with  256  elements.  The  cell  size  is  13  pm  by  17  pm  on  13  pm  centers  with  a 
channel  stop  width  of  5  pm.  The  information  stored  in  the  elements  are 
clocked  out  serially  by  CCD  shift  registers  and  displayed  on  an  oscilloscope. 


4.0  COMPARISON  BETWEEN  THEORETICAL  AND  EXPERIMENTAL  RESULTS  FOR 
PULSE  MODULATED  CW  SIGNALS 


Using  eq .  (1),  the  envelopes  of  the  instantaneous  power  spectra  for 
a  5  psec  pulse  modulated  CW  at  150  MHZ  are  plotted  in  Figures  2  and  3.  They 
are  plotted  at  different  instants  of  time  as  the  pulse  propagates  across  the 
Bragg  cell.  The  acoustic  signal  is  attenuated  and  illuminated  by  different 
portions  of  the  Gaussian  profile  on  its  course  through  the  aperture.  The 
effect  of  the  amplitude  weighting  function  is  to  broaden  the  main  lobe, 
suppressing  the  side-lobe  levels  and  filling  up  the  nulls.  Shown  in  Figure 
2  are  the  two  plots  of  the  instantaneous  power  spectra;  one  with  the  signal 
completely  coincident  with  the  aperture  and  the  other  one  with  a  quarter  of 
the  pulse  interacting.  As  can  be  seen  from  the  graph,  the  truncation  of  the 
signal  by  the  finite  aperture  causes  the  frequency  components  to  spread  out 
with  a  corresponding  drop  in  power.  The  instantaneous  spectrum  at  another 
instant  of  time  with  half  of  the  pulse  interacting  is  shown  in  Figure  3.  A 
listing  of  the  computer  program  is  given  in  Appendix  A. 
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Summing  up  all  the  spectra  at  different  instants  of  time,  an 
integrated  power  spectrum  is  obtained  and  shown  in  Figure  A.  The  total 
integration  time  is  10  psec  which  is  the  time  interval  for  the  pulse  to 
transit  the  aperture.  Figure  A  also  shows  the  spectrum  of  a  CW  signal 
integrated  for  the  same  interval  of  time,  or  equivalently,  it  is  the 
spectrum  of  a  stationary  5  psec-pulse  filling  up  the  aperture  and  time 
integrated  for  10  psec.  By  comparing  the  two  plots,  the  effect  due  to  the 
truncation  of  the  signal  by  the  finite  aperture  is  to  broaden  the  main  lobe 
and  to  smooth  out  the  side  lobes.  The  two  output  waveforms  are  also  measured 
experimentally  and  shown  in  Figures  5(a)  and  5(b).  Identical  photo-cells  are 
used  in  recording  the  two  waveforms  in  order  to  minimize  t:.e  effect  of  cell 
response  variations.  As  can  be  seen  from  the  figures,  there  is  a  definite 
spread  in  the  main  lobe  due  to  the  truncating  effect.  No  attempt  is  made 
here  to  compare  the  theoretical  and  experimental  results  in  detail  because 
tht  width  of  the  power  spectrum  is  comparable  to  the  size  of  a  photo-cell 
and  the  cell  to  cell  boundary  structure  introduces  distortion. 

Theoretical  results  are  plotted  in  Figures  6  and  7  for  a  1  psec 
and  2  psec  pulse  modulated  carriers  along  with  the  corresponding  experimental 
measurements  shown  in  Figures  8(a)  and  8(b).  For  these  two  cases,  the  main 
lobe  covers  a  number  of  cells  and  the  error  introduced  by  the  structure  of 
the  cell  boundary  becomes  less  important.  The  light  intensity  distribution 
is  graphically  integrated  with  a  cell  width  of  13  pm  and  the  results  are 
tabulated  in  Table  I  along  with  the  experimental  values.  Some  of  the 
possible  sources  of  error  in  the  measurement  system  are  as  follows: 

a)  The  lenses  used  in  the  beam  expander  and  the  Fourier 

■  transform  are  not  ideal. 

b)  There  is  error  introduced  by  representing  the  beam 
profile  with  an  ideal  truncated  Gaussian  distribution. 

c)  There  is  error  due  to  the  cell-to-cell  boundary 
structure  and  the  photo  response  non-uniformity  of 
the  cells. 
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Figure  8  (a)  -  CW  AND  2  vSEC  PULSE  MODULATED  CW 


8  -  INTEGRATED  LIGHT  INTENSITY  DISTRIBUTION  IN  THE 
FREQUENCY  PLANE  DETECTED  BY  PHOTO  DETECTOR  ARRAY 
(CELL  TO  CELL  CENTRE  SPACING  =  13  vm ,  INTEGRATION 
TIME  = 50  mSEC) 
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TABLE  I 

COMPARISON  BETWEEN  THEORETICAL  AND  EXPERIMENTAL  INTEGRATED  INTENSITY 
DISTRIBUTION  FOR  A  1  ySEC  AND  2  ySEC  PULSE  MODULATED  CW  SIGNAL 


PULSE-WIDTH 

IN  ySEC 

1-ySEC 

CW  =  150  MHZ 

2-ySEC 

CW  =  150  MHZ 

Theoretical 

Intensity 

Experimental 

Intensity 

Theoretical 

Intensity 

Experimental 

Intensity 

CENTRE  CELL 
(Normalized  to 
Unity 

1 

1 

1 

1 

1st  Cell  from 
Centre 

0.87 

0.875 

0.70 

0.61 

2nd 

0.64 

0.60 

0.21 

0.15 

3rd 

0.36 

0.4 

4  th 

0.17 

0.13 

The  experimental  results  shown  in  Figures  8(a)  and  8(b)  agree 
reasonably  well  with  the  theoretical  calculations  if  the  sources  of  error 
are  taken  into  account. 


5.0  COMPARISON  BETWEEN  THEORETICAL  AND  EXPERIMENTAL  RESULTS  FOR  A 
5  ySEC  PULSE  MODULATED  LINEAR  FM  SIGNAL _ 


Using  eqs.  (1)  and  (7),  the  instantaneous  power  spectra  of  a 
linear  FM  signal  are  plotted  in  Figures  9  and  10  for  different  instances 
of  time.  The  duration  of  the  signal  is  5  psec  with  a  centre  frequency  of 
150  MHz  and  a  frequency  excursion  of  2  MHz.  The  theoretical  time-integrated 
power  spectrum  is  plotted  in  Figure  11  and  the  power  spectrum  of  the  same 
signal,  but  stationary  in  the  aperture  and  time-integrated  for  the  same 
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FREQUENCY  IN  MHz 


LIGHT  INTENSITY  DISTRIBUTION  IN  IFF  FF.FOUFNC Y  PLANE  FOE  A  S 
PULSE  MODULATED  LINEAR  FM  AN  7.Y  FIFTEFFN?  INSTANTS  OF  TIMF 
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interval  of  time,  is  also  plotted  for  comparison.  An  enlarged  plot  showing 
the  main  lobe  structures  is  given  in  Figure  12.  As  expected,  there  is  a 
spread  in  frequency  and  smoothing  of  the  side  lobes  for  the  time-integrated 
output  due  to  the  truncation  of  the  signal  by  the  finite  aperture  width. 

The  experimental  output  power  spectrum  is  also  measured  and  shown  in  Figure 
13.  Some  comparisons  between  the  experimental  and  theoretical  values  are 
tabulated  in  Table  II.  The  theoretical  pow^r  spectrum  is  graphically 
integrated  with  a  cell  width  of  13  pm  and  again  they  agree  reasonably  well. 


TABLE  II 


COMPARISON  BETWEEN  THEORETICAL  AND  EXPERIMENTAL 
INTEGRATED  INTENSITY  DISTRIBUTION  FOR  THE  LINEAR  FM  SIGNAL 


LINEAR  FM 

PULSE  WIDTH  =  5  pSEC 
fo  =  150  MHZ 

Af  =  2  MHZ 

— 

THEORETICAL 

INTENSITY 

EXPERIMENTAL 

INTENSITY 

CENTRE  CELL 
(at  150  MHz, 

Normalized  to 

Unity) 

1 

1 

1st  Cell  on 

Right  of  Centre 

Cell 

0.78 

0.79 

2nd 

0.62 

0.33 

3rd 

0.32 

0.10 

1st  Cell  on 

Left  of  Centre 

Cell 

0.93 

0.85 

2nd 

0.95 

0.87 

3rd 

0.59 

0.77 

4  th 

0.29 

0.43 

Figure  13  -  INTEGRATED  LIGHT  INTENSITY  DISTRIBUTION  IN 
THE  FREQUENCY  PLANE  OF  A  5  VSEC  PULSE 
MODULATED  LINEAR  FM  DETECTED  BY  PHOTO 
DETECTOR  ARRAY  (CELL  TO  CELL  CENTRE  SPACING 
=  13  Vm,  INTEGRATION  TIME  =50  p SEC) 


21 


6.0  CONCLUSIONS 


In  general,  the  experimental  results  agree  well  with  theory  for 
pulse  modulated  CW  and  linear  FM  signals.  The  effect  on  the  integrated 
output  due  to  the  truncation  of  the  signal  by  the  finite  aperture  is  to 
broaden  the  main  lobe  and  smooth  out  the  side  lobes. 

The  theoretical  and  experimental  results  for  linear  FM  signals  show 
that  there  is  considerable  broadening  of  the  spectra  due  to  the  fact  that  the 
frequency  is  modulated.  The  important  point  is  that  the  power  spectra  of  this 
type  of  signal  is  reproduced  even  though  the  spatial  structure  of  the  acoustic 
signal  in  the  Bragg  cell  is  now  complex. 

The  combination  of  theoretical  and  experimental  results  available 
at  this  time  indicate  that  the  acousto-optic  receiver  can  be  used  to  give  an 
accurate  and  instantaneous  description  of  the  power  spectrum  of  several  types 
of  signals  commonly  encountered  in  ESM  applications. 


22 


7.0  REFERENCES 


1.  R.  Adler,  "Interaction  between  Light  and  Sound",  IEEE  Spectrum, 

May  1967,  pp,  42-54. 

2.  D.L.  Hecht,  "Multi frequency  Acousto  optic  Diffraction",  Trans,  on 
Sonics  and  Ultrasonics,  Vol .  SU-24 ,  No.  1,  January  1977  ,  pp.  7-18. 

3.  D.L.  Hecht,  "Spectrum  Analysis  Using  Acousto-Optic  Devices",  Optical 
Engineering,  Vol.  16,  No.  5,  Sept. /Oct.  1977,  pp.  461-466. 

4.  M.  King,  W.R.  Benneth,  L.B.  Lambert  and  M.  Arm,  "Real-Time  Electro- 
optical  Signal  Processors  with  Coherent  Detection",  Applied  Optics, 
Vol.  6,  No.  8,  August  1967,  pp.  1367-1375. 

5.  W.R.  Klein  and  B.D.  Cook,  "Unified  Approach  to  Ultrasonic  Light 
Diffraction",  IEEE  Trans,  on  Sonics  and  Ultrasonics,  July  1967, 
p.  123. 

6.  W.T.  Maloney,  "Acousto  optical  Approaches  to  Radar  Signal  Processing 
IEEE  Spectrum,  October  1969,  pp.  40-48. 


23 


APPENDIX  A 


COMPUTER  PROGRAM  LISTING 


25 


.780  c 
.790  C 


THIS  PROGRAM  IS  WRITTEN  TO  CALCULATE  THE  IHTEHSITV  BUTAISUTIOH 
IH  THE  FOCAL  PLANE  FOP  DIFFERENT  TVPES  OF  SIONALS  WITH  OAUSSIAH 
ILLUMINATION  DISTRI1UTION  AND  ACOUSTIC  LOSS  ' 


FS  -  CENTRE  FREQUENCY  OF  SIQNAL 

T1  -  TOTAL  TRANSIT  TIRE 

ALAN  -  OPTICAL  WAUELENOTH 

F  -  FOCAL  LENGTH 

D  -  APERTURE  WIDTH 

ALFA  -  ACOUSTIC  LOSS  COEFFICIENT 

TT  -  GAUSSIAN  SEAN  PROFILE  CONSTANT 

MC  -  LINEAR  Ffl  CHANCING  RATE 


1.000 

t.SSQ 
1.1RS 
1.11A 
I.  IS* 
1.2M 

1 .300 

1.400 
l.SOO 
1  .GSR 

1.700 

1.500 
1.900 
2.000 
2.010 
2.020 
2.030 
2.040 
2.100 
2.110 
2.120 
2.200 

2.300 

2.400 

2.500 
2.600 

2.700 

2.710 

2.720 
2.800 
2.000 
3.000 
3.100 
3.200 

3.300 

3.400 
3.600 

3.700 

3.710 

3.720 
3. 726 
3.730 
3.740 
3.800 
3.810 
3.800 
3.800 
3.810 


DIMENSION  El<222), E2(222). £3(222). Vt(222>.  V2(222> 
DIMENSION  V3(222 ),V4<  222 ) , V5(222,SO > 

E1<1>«221.|  £2(1 )-281 • j  E3(l)-221.|  Vl(l).221. 

V4( 1 )  -221. 

DO  21  MM-  1.2 
URITE<2, 1 1  ) 

1  FORNAT(/, 

1  INTENSITV 

FP-1 .50E+6 
T(-  l.OE-5  *.5 
ALAN-  6.328E-7 
F-.4 

D-. 041/2. 

WS-D/T1 

ALFA  -1./T1  t.S 
C3-  -ALFASTt/D 
TT-1. 

C4-  2.*  TT/D 
PI-3.141S9 
AK-  FO/TltO. 

C5-  AK/t  2. SUS(VS )S2 . (PI 
11*221 

DO  10  1*1, It 
V-  FO*ALAN*F/VS 

VY-  1.  -<1.  '90.43  *( ( I I - i )  /2  -<I-1>>> 

A  *-D/2. 

■  -D/2.  -D'4.*3.t(MM-l I 

Cl-  2.(PI(F0/US 

C2-  -C1*YV 

N-S 

TOL-O. 

KK-S 

2  CALL  CAUQUS  ( A.S.P1 .X. TOL.N.KK ) 

KK-KKM 

IF(KK.LE.O)  00  TO  3 

PI  •  COSM  C1*C2 XX  -CSIXtX)  *tXP(C3(X-(C4IXX(2> 
00  TO  2 

3  RE -PI 

4  CALL  GAUQUS  (A.1.P2.X, TOL.N.KK  ) 

KK-KK+1 

IF(KK.U.O)  GO  TO  S 

P2-  SINK  C1-C2XX  -CS(X*X )  *EXPCC3*X-(C4tXXt2> 
00  TO  4 

5  AIM-P2 

AMP-  SOrrCRESRE  ♦AIMtAIM)  (1800.  (EXP(-AlFAtTl/2.  ) 
AIN*  AMPSAMP 

Vl(l«i>  •  WtVtiOOO.  TVS1000.I89. 

V4( !♦!  )  •  VKM  >/1000.  t(  US/ ( ALAPtF  ) ) 


V-POSITIONCHN)  AMPLITUDE 

NORMALIZED  INTENSITY') 


27 


n.N« 

13 

X-BCL8 

S9.SM 

IC-B 

SO. MO 

RETURN 

81.000 

303 

F8-FX 

88.000 

J-N 

83.800 

81 

calcb-s. 

80. OM 

i*i 

86.000 

R-9-J 

88.000 

IFd.EQ.J  >  00  TO  3 

67. OM 

88 

L-B-l 

68. OM 

X-AU.R)  (SCL1+8CL2 

68. OM 

K-6 

76. OM 

RETURN 

71  .OM 

301 

TENP  -FX 

78.  OM 

X-(-A(l.A)  )  MCL1+SCL2 

73. OM 

K-l 

74.000 

RETURN 

76. MO 

308 

CALC8-CALC8  »Ad ,  J  )*<TENP*FX) 

76. OM 

I-I+l 

77.  OM 

IFCI.LT.J)  00  TO  88 

78.000 

3 

CALC8-CALC8  ♦  0(1.1)  »F0 

79.000 

C0LC2  -CALC88SCL1 

80. OM 

IFdT.NE.6)  00  TO  ■ 

81. OM 

7 

lFCA9StCM.Cn. OT.l.)  00  TO  11 

88. OM 

IF ( ABS ( CMC1-C0LC8 )  .UT.TOl) 

83. OM 

SO  TO  6 

84. OM 

mi 

IF( 09S(  (CMC1-CALC2  1/CALC1  )  .1 

8S.0M 

6 

CAIC1-CALC8 

86. OM 

J-J+l 

87.600 

IF(J-H)  81.81.11 

88.000 

8 

FHALF-FHALF  +CMC2 

88.000 

IFdT.NE.l  >  GO  TO  15 

80.000 

SAUE-FMALF 

91.093 

SCL1  - <  PREND-9 )s2 . 

88.000 

SCL2-<PR£N0+9>/2. 

93.000 

IT-8 

94.000 

GO  TO  13 

95.000 

16 

IF ( ABS ( <  FHOLF-COLC 1 l/RERRKLT 

96. OM 

CALC1  -SAUE 

87. OM 

GO  TO  HO 

98.  OM 

16 

sun-  SUB+FHALF 

98. OM 

IF  (PREND.GE.RMEND)  GO  TO  114 

108.000 

D-PREND 

101. OM 

B-RMEND 

108.0M 

IND-1 

103. OM 

N-B 

104.  OM 

FMALf  -8.6 

106. OM 

00  TO  668 

106.000 

114 

CMC 3  -SUP 

107.000 

6 

FX-CALCB 

10B.0M 

K— 1 

109. OM 

RETURN 

110. OM 

11 

IFdND.GT.6)  00  TO  116 

111  .OM 

RERR  -CALCS 

118.  OM 

AMEND  -9 

113. OM 

H*» 

114. MO 

110 

PREND  -9 

116. MO 

B-(ltO)  /8. 

116. MO 

IT-1 

117. MO 

FHALF-6.6 

Ilf. 000 

GO  TO  18 

119. OM 

END 

«0  TO  5 


-A 


<$> 


& 


b-QoX 3  ft 


UNCLASSIFIED 

Security  Clarification 


DOCUMENT  CONTROL  DATA  -  R  &  D 

(Secunty  classification  of  tdii*.  body  of  .iliMui  i  ami  mdeMinij  annotation  must  be  entered  when  the  Overall  document  is  classified) 


v  originating  activity 

Defence  Research  Establishment  Ottawa, 
National  Defence  Headquarters, 


2*  DOCUMENT  SECURITY  CLASSIf  ICATION 

UNCLASSIFIED 


3.  DOCUMENT  TITLE 

SIGNAL  ANALYSIS  USING  THE  ACOUSTO-OPTIC  SPECTRUM  ANALYZER  (U) 


•1  OFSCHlPT  IVF  NOTtS  I  I  yp»’  of  mpoi  •  ir I  mi  Iiimvi*  'U(i",i 

TECHNICAL  NOTE 


-)  AUIHOR(S)  Hast  name,  fusi  n.nm*  iifldle  unti.ill 

LEE,  Jin,  p. 


IWl'JaJKJSKWUJAJJ 


6.  DOCUMENT  DATE 


8a.  PROJECT  OR  GRANT  NO 

DREO  31B00 

db  CONTRACT  NO 


7a.  TOTAL  NO  Of  PAGES 

31 


9a  ORIGINATOR'S  DOCUMENT  NUMBER'S) 


9b.  OTHER  DOCUMENT  NO.tS)  (Any  other  numbers  tnat  may  t>* 
assigned  this  document) 


10  DISTRIBUTION  STATEMENT 

QUALIFIED  REQUESTERS  MAY  OBTAIN 
DEFENCE  DOCUMENTATION  CENTRE 

COPIES  OF  THIS  DOCUMENT  FROM  THEIR 

11  SUPPLEMENTARY  NOTES 

) 

12.  SPONSORING  ACT  1 VII  Y 

DND/DMCS-6 

13.  abstract  (UNCLASSIFIED) 


This  paper  examines  the  instantaneous,  Fourier  power  spectrum  for 
different  types  of  input  signals  such  as  CW,  pulse  modulated  CW  and 
linear  FM  signals  using  the  acousto-optic  spectrum  analyzer.  The  effect 
on  the  time-integrated  output  intensity  distribution  due  to  the  truncation 
of  the  propagating  acoustic  signal  by  the  finite  aperture  width  of  the 
Bragg  cell  is  also  analyzed.  Some  experimental  results  on  pulse-modulated 
CW  and  linear  FM  signals  are  presented,  and  then  compared  with  theory. 


DSIS 


UNCLASSIFIED 

Security  C Unification 


KEV  WORDS 


ELECTRONIC  SUPPORT  MEASURES 
ACOUSTO-OPTICS 
EW  RECEIVERS 
SPECTRUM  ANALYSIS 


INSTRUCTIONS 


1  ORIGINATING  ACTIVITY  Enter  the  name  and  address  of  the 
organization  issuing  the  document. 

2a.  DOCUMENT  SECURITY  CLASSIFICATION  Enter  the  overall 
security  classification  of  the  document  including  special  warning 
terms  whenever  applicable. 

2b.  GROUP  Enter  security  reclas'-hcation  group  number.  The  three 
groups  are  defmeu  m  Appendix  'M'of  the  DRB  Security  Regulations. 

3.  DOCUMENT  TITLE  Enter  the  complete  document  title  in  all 
capital  letters.  Titles  m  all  cases  should  be  unclassified.  If  a 
sufficiently  descriptive  title  cannot  be  selected  without  classifi¬ 
cation,  show  title  classification  with  the  usual  one-capitaMetter 
abbreviation  m  parentheses  immediately  following  the  title. 

4  DESCRIPTIVE  NOTES  Enter  the  category  of  document,  e  g. 
technical  report,  technical  note  or  technical  letter  tf  appropri 
ate,  enter  the  type  of  document,  eg  interim,  progress, 
summary,  annual  or  fipal.  Give  <he  inclusive  dates  when  a 
specific  reporting  period  is  covered 

5.  AUTHOR(S):  Enter  the  namelsl  of  author (sJ  as  shown  on  or 
m  the  document.  Enter  last  name,  first  name,  middle  initial. 

If  military,  show  rank.  The  name  of  the  principal  author  is  an 
absolute  minimum  requirement 

6.  DOCUMENT  DATE  Enter  the  date  (month,  year)  of 
Establishment  approval  for  publication  of  the  document. 

7a.  TOTAL.  NUMBER  OF  PAGES  The  total  page  count  should 
fottow  normal  pagination  procedures.  •  e  ,  enter  the  number 
of  pages  containing  information. 

7b.  NUMBER  OF  REFERENCES  Enter  the  total  number  of 
references  cited  in  the  document. 

8a.  PROJECT  OR  GRANT  NUM8ER  If  appropriate,  enter  the 
applicable  research  and  development  protect  or  grant  number 
under  which  the  document  was  written. 

8b.  CONTRACT  NUMBER  If  appropriate,  enter  the  applicable 
number  under  which  the  document  was  written 

9a  ORIGINATOR'S  DOCUMENT  NUMBER(S)  Enter  the 
othciat  ilocumtmt  number  by  which  the  document  will  lie 
identified  and  controlled  by  the  ongm.it  mg  activity.  This 
numbifi  must  be  unique  to  this  document 


9b.  OTHER  DOCUMENT  NUMBER  (SI  If  the  document  has  been 
assigned  any  other  document  numbers  (either  by  the  originator 
or  by  the  sponsor),  also  enter  this  number(s) 

10.  DISTRIBUTION  STATEMENT  Enter  any  limitations  on 
further  dissemination  of  the  document,  other  than  those  imposed 
by  security  classification,  using  standard  statements  such  as. 

U)  “Qualified  requesters  may  obtain  copies  of  this 

document  from  their  defence  documentation  center." 

(2)  “Announcement  and  dissemination  of  this  document 
is  not  authorized  without  prior  approval  from 
originating  activity  “ 

11.  SUPPLEMENTARY  NOTES  Use  for  additional  explanatory 
notes. 

12.  SPONSORING  ACTIVITY  Enter  the  name  of  the  departmental 
project  office  or  laboratory  sponsoring  the  research  and 
development.  Include  address. 

13.  ABSTRACT  Enter  an  abstract  giving  o  brief  and  factual 
summary  of  the  document,  even  though  it  may  also  appear 
elsewhere  m  the  body  of  the  document  itself.  It  is  highly 
desirable  that  the  abstract  of  classified  documents  be  unclassi¬ 
fied.  Each  paragraph  of  the  abstract  shall  end  with  an 
indication  of  the  security  classification  of  the  information 

in  the  paragraph  (unless  the  document  itself  is  unclassified) 
represented  as  (TS),  (S).  (C),  (R),  oi  (U). 

The  length  of  the  abstract  should  be  limited  to  20  single-spaced 
standard  typewritten  lines.  7‘i  inches  long. 

14.  KEY  WOROS  Key  words  are  technically  meaningful  terms  or 
short  phrases  that  characterize  a  document  and  could  be  helpful 
m  cataloging  the  document.  Key  words  should  be  selected  so 
that  no  security  classification  is  required.  Identifiers,  such  as 
equipment  model  designation,  trade  name,  military  protect  code 
name,  geographic  location,  may  be  used  as  key  words  but  will 
be  followed  by  an  indication  of  technical  context. 


